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See editorial on page 373.

ackground & Aims: High-carbohydrate diets with a high
lycemic response may exacerbate the metabolic conse-
uences of the insulin-resistance syndrome. The effect on
he incidence of gallstone disease is not clear. Methods:

e examined the associations between high-carbohydrate
iets with a high glycemic response and the risk of chole-
ystectomy in a cohort of women who were aged from 35
o 61 years in 1984 and had no history of gallstone dis-
ase. As part of the Nurses’ Health Study, the women
eported on questionnaires mailed to them every 2 years
oth their carbohydrate intake and whether they had un-
ergone cholecystectomy. Results: During 16 years of fol-

ow-up, we ascertained 5771 new cases of cholecystec-
omy. After adjusting for age and other known or
uspected risk factors in a multivariate model, the relative
isk for the highest compared with the lowest quintile of
ietary carbohydrate was 1.35 (95% CI: 1.17–1.55, P for
rend < .0001). The relative risks for the highest compared
ith the lowest quintile were 1.50 for glycemic load (95%
I: 1.32–1.71, P for trend < .0001) and 1.32 for glycemic

ndex (95% CI: 1.20–1.45, P for trend < .0001). Indepen-
ent positive associations were also seen for intakes of
tarch and sucrose. Conclusions: Our findings suggest that
higher intake of carbohydrate, dietary glycemic load, and
lycemic index may enhance risk of cholecystectomy in
omen.

allstone disease is a common condition affecting
approximately 10%–25% of the adult population

n the United States and other developed countries1,2 and
as increasingly become a leading cause of abdominal
orbidity leading to hospital admissions.3,4 Conse-

uently, preventive measures to decrease the occurrence

f gallstone disease are required.
Among people in most Western countries, including
he United States, an estimated 80% of gallstones are
holesterol stones.5 Cholesterol gallstones have many
ausative factors, but biliary hypersecretion of cholesterol
s an important determinant.6 Low plasma high-density
ipoprotein (HDL) cholesterol and high plasma triglyc-
ride levels are associated with a greater risk for gall-
tones.7 High intake of carbohydrates produces these
ame lipid changes8,9 and, thus, may increase the risk for
allstones. In addition, recent findings indicate that hy-
erinsulinemia may enhance gallstone development.10,11

arbohydrates with different physical forms, chemical
tructures, and particle sizes may induce distinct plasma
lucose and insulin responses. The physiologic response
o carbohydrates can be quantified by the glycemic in-
ex.12 Substituting foods with low glycemic indices for
hose with high indices reduces serum insulin and glu-
ose response.13 A chronic high dietary glycemic load,
hich increases insulin demand, may exacerbate insulin

esistance14 and, hence, may further increase risk for
allstones.
Although insulin resistance, chronic hyperglycemia,

nd associated disorders of lipid metabolism are impor-
ant determinants of gallstone development, the signif-
cance of dietary glycemic load and glycemic index in
redicting risk of gallstone disease has rarely been exam-
ned in humans. Thus, in a large cohort of US women, we
xamined prospectively whether diets characterized by
igh glycemic load and glycemic index could promote
he occurrence of gallstone disease.

Abbreviation used in this paper: SFFQ, semiquantitative food-fre-
uency questionnaire.

© 2005 by the American Gastroenterological Association
0016-5085/05/$30.00
doi:10.1053/j.gastro.2005.05.016
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Materials and Methods

Study Population

The Nurses’ Health Study was initiated in 1976 when
21,700 female registered nurses, predominantly white, aged
0 to 55 years completed a mailed questionnaire on their
edical history and lifestyle characteristics. Every 2 years,

ollow-up questionnaires were sent to update information on
xposures and to identify newly diagnosed illnesses. In 1984,
e collected detailed information on the carbohydrate-contain-

ng foods with an expanded 126-item, semiquantitative food-
requency questionnaire (SFFQ). After repeated mailings,
1,757 women returned the SFFQ and satisfied a priori criteria
f daily energy intakes between 600 kcal and 3500 kcal. We
urther excluded women with a prior diagnosis of gallstone
isease, diabetes, or cancer. The final baseline population was
0,408 women aged 35 to 61 years in 1984. On average, more
han 90% of participants responded to each subsequent bien-
ial questionnaire, and approximately 80% completed each
epeated dietary questionnaire during the follow-up period.15

his study was approved by the institutional review board on
he use of human subjects in research of the Brigham and

omen’s Hospital in Boston.

Assessment of Diet

Because this analysis focused on carbohydrate-contain-
ng foods, we based dietary information on the expanded 1984
FFQ16 and on repeated assessments in 1986, 1990, 1994, and
998. Participants were asked to indicate the frequency, on
verage, of consuming a typical serving of selected foods
uring the previous year. There were 9 possible response
ptions, ranging from never or less than once per month to 6
r more times per day. Nutrient scores were computed by
ultiplying the frequency of consumption of each unit of food

rom the SFFQ by the nutrient content of the specified portion
ccording to food-composition tables from the US Department
f Agriculture.17

For each participant, we derived an average dietary glycemic
ndex value, which ranks foods on the basis of the incremental
lucose response and insulin demand for a given amount of
arbohydrate.18 We calculated the average dietary glycemic
ndex for each woman by summing the products of the carbo-
ydrate content per serving for each food multiplied by the
eported average number of servings of that food per day, times
ts glycemic index, and then divided this sum by the total
mount of daily carbohydrate intake. For these calculations, we
sed data for the carbohydrate content in each serving reported
y the US Department of Agriculture.17 We also calculated
lycemic load by multiplying the carbohydrate content of each
ood by its glycemic index, then multiplied this value by the
requency of consumption, and summed the values from all
oods.19 Dietary glycemic load represents the quality and
uantity of carbohydrates and the interaction between the two.
ach unit of dietary glycemic load represents the equivalent
lucose response of 1 gram of carbohydrate from pure glucose.
full description of the SFFQ and the procedures used for d
alculating nutrient intake, as well as data on reproducibility
nd validity, were reported previously.16 The correlation coef-
cient for energy-adjusted carbohydrate intake between the
FFQs and diet records was 0.73.19 All nutrients, as well as the
lycemic index and glycemic load, were adjusted for total
nergy intake using regression analysis. This approach is based
n the concept that the composition of the diet, independent
f total energy intake, is more relevant to dietary recommen-
ations.16

Identification of Cases of Cholecystectomy

We inquired about occurrence and date of cholecystec-
omy on each biennial questionnaire starting in 1980. A
alidation study of the self-report was conducted in a random
ample of 50 nurses who reported a cholecystectomy in 1982.
orty-three out of 50 participants responded, and, of these, all
eiterated their earlier report, and surgery was confirmed in all
6 for whom medical records could be obtained. We chose
holecystectomy as the primary end point, mainly because
omen are more likely to report accurately the occurrence and

iming of a surgical procedure rather than untreated gallstones.
n addition, symptomatic gallstones are the main indication
or cholecystectomy.20 In contrast, only a minor proportion of
symptomatic gallstones are diagnosed, typically incidentally,
aking this clinically less relevant condition an unreliable end

oint.

Statistical Analysis

We calculated person-time of follow-up for each par-
icipant from the date of return of the 1984 questionnaire to
he date of cholecystectomy, cancer, date of last questionnaire
eturn, death, or the end of the study period in 2000, which-
ver came first. Women were categorized in quintiles of car-
ohydrate intake, dietary glycemic load, and overall dietary
lycemic index. Incidence rates were calculated by dividing
he number of events by person-years of follow-up in each
uintile. Relative risks were calculated as the incidence rate of
holecystectomy among women in different categories of ex-
osure compared with the incidence rate among women in the
eference category, with adjustment for age in 5-year catego-
ies. The incidence of cholecystectomy was examined in rela-
ion to the cumulative average of exposure variables from all
vailable questionnaires up to the start of each 2-year fol-
ow-up interval, using methods for repeated measurement.21

ge-adjusted relative risks were calculated using the Mantel–
aenszel summary estimator.22 Multivariate relative risks
ere computed using the Cox proportional hazards regression
odel.23 In multivariate analyses, we simultaneously adjusted

or the known or suspected confounding variables: time period,
ge, body mass index, weight change in the previous 2-year
nterval, physical activity, parity, oral contraceptive use, post-
enopausal hormone use, pack-years of smoking, thiazide

iuretics, nonsteroidal anti-inflammatory drugs, intake of total
nergy, energy-adjusted dietary fiber, alcohol, and coffee. Tests
f trend across increasing quintiles of carbohydrate intake,

ietary glycemic load, and overall dietary glycemic index were
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onducted by assigning the median value to each quintile and
reating these as a single continuous variable. All relative risks
re presented with 95% confidence intervals (CI), and all
eported P values are 2-sided. All analyses were performed
ith Statistical Analysis System software, release 8.2 (SAS

nstitute, Cary, North Carolina).

Results

At baseline in 1984, there was an approximately
.5-fold difference in the mean energy-adjusted carbo-
ydrate intake between the highest and lowest quintiles
n this cohort (Table 1). Women with higher carbohy-
rate intake tended to consume less protein and satu-
ated, trans, monounsaturated, and polyunsaturated fats.

omen who reported higher intake of carbohydrate
ended to be leaner, more physically active, nonsmokers,
nd to consume less alcohol and coffee but more dietary
ber.
During 932,676 person-years of follow-up from 1984

o 2000, we ascertained 5771 cases of cholecystectomy.
fter adjustment for age, the estimated relative risk for
omen in the highest quintile compared with those in

he lowest quintile of energy-adjusted dietary glycemic
oad was 1.13 (95% CI: 1.03–1.23, P for trend � .0009)
Table 2, model 1). This association was slightly
trengthened after further adjustment for other known

able 1. Baseline Characteristics of 70,408 US Women Acco
the Nurses’ Health Study

Characteristics
1 (lowest)

(n � 14,078)
2

(n � 13,

ean intake (g/day) 141 170
ge (y)a 47.7 47
urrent smoker (%) 31 23
urrent body mass index (kg/m2)a 25.1 25
hysical activity (METs)ab 7.4 7
ny weight loss in prior 2 yr (%) 26.7 26
otal energy (kcal/day) 1698 1780
istory of oral contraceptive use (%) 52 50
urrent use of HRT (%)c 21.8 21
egular use of aspirin (%) 28 27
egular use of thiazide diuretics (%) 13.8 11
rotein (g/day)a 78 75
lcohol (g/day)a 14.9 7
offee (cups)a 2.2 2
aturated fat (g/day)a 25.5 23
olyunsaturated fat (g/day)a 13.0 12
onounsaturated fat (g/day)c 26.1 24

rans fat (g/day) 3.6 3
ietary fiber (g/day) 13.4 15

Values expressed as means.
Metabolic equivalent tasks per week, defined as a multiple of meta
HRT, hormone replacement therapy. Only postmenopausal women w
isk factors for gallstone. In an analysis that included age, h
ody mass index, recent weight change, parity, oral
ontraceptive use, hormone replacement therapy, physi-
al activity, pack-years of smoking, thiazide diuretics,
onsteroidal anti-inflammatory drugs, total energy in-
ake, dietary fiber, protein, alcohol, and coffee (Table 2,
odel 2), the relative risk for the highest compared with

he lowest quintile of dietary glycemic load was 1.32
95% CI: 1.18–1.47, P for trend � .0001). With addi-
ional adjustment with saturated and trans fats (Table 2,
odel 3), the relative risk was 1.50 (95% CI: 1.32–1.71,
for trend �.0001) when extreme quintiles were com-

ared.
We further adjusted for intakes of all types of fat

Table 2, model 4). In this model, in which all fats,
rotein, and total energy intake were held constant,
lycemic load represents the effect of substituting high-
lycemic-index carbohydrates for low-glycemic-index
arbohydrates on the risk of cholecystectomy. Compared
ith carbohydrates with a low glycemic index, carbohy-
rates with a high glycemic index were associated with
ncreased risk of cholecystectomy. The relative risk for
he highest compared with the lowest quintile of glyce-
ic load was 1.40 (95% CI: 1.22–1.62, P for trend
.0001). Similar findings for glycemic load were ob-

erved when all types of fats were replaced with carbo-

g to Quintiles of Energy-Adjusted Intake of Carbohydrate:

Quintiles of carbohydrate intake

3
(n � 14,407)

4
(n � 13,796)

5 (highest)
(n � 14,147)

P value
for trend

185 200 228 �.0001
47.6 48.1 49.0 �.0001
20 19 18 �.0001
24.9 24.6 24.2 �.0001
7.5 7.6 7.9 �.0001

26.6 27.0 27.7 .04
1797 1766 1691 .07

49 49 46 �.0001
21.3 21.7 21.8 .3
27 28 32 �.0001
11.3 11.1 11.3 �.0001
72 69 63 �.0001
5.6 4.2 2.7 �.0001
1.8 1.7 1.4 �.0001

22.4 20.9 18.0 �.0001
11.9 11.4 10.1 �.0001
22.8 21.1 18.0 �.0001
3.5 3.3 2.8 �.0001

16.4 17.4 19.4 �.0001

equivalent of sitting at rest.
ncluded.
rdin

350)

.5

.0

.5

.5

.6

.1

.9

.0

.8

.4

.2

.6

.3

bolic
ydrate in the multivariate model, with a multivariate
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djusted relative risk of 1.47 (95% CI: 1.22–1.77, P for
rend �.0001) when extreme quintiles of glycemic load
ere compared.
The quality of carbohydrate as classified by its glyce-
ic index was significantly associated with the risk of

able 2. Adjusted Relative Risks of Cholecystectomy Accordi
Glycemic Index, and Carbohydrate Intake Among US

1 (lowest) 2

lycemic loada

Cases 981 1122 119
Person-years 184,830 185,938 186
Model 1: Age-

adjusted (95% CI)
1.00 1.12 (1.03–1.22) 1.1

Model 2: Multivariate
(95% CI)

1.00 1.10 (1.00–1.21) 1.2

Model 3: Multivariate
(95% CI)

1.00 1.14 (1.04–1.25) 1.2

Model 4: Multivariate
(95% CI)

1.00 1.12 (1.02–1.23) 1.2

lycemic indexb

Cases 970 1141 127
Person-years 186,332 186,334 187
Model 1: Age-

adjusted (95% CI)
1.00 1.18 (1.08–1.28) 1.3

Model 2: Multivariate
(95% CI)

1.00 1.14 (1.05–1.25) 1.3

Model 3: Multivariate
(95% CI)

1.00 1.14 (1.04–1.24) 1.3

Model 4: Multivariate
(95% CI)

1.00 1.13 (1.04–1.23) 1.3

arbohydrate intakec

Cases 1007 1047 124
Person-years 183,217 183,761 185
Model 1: Age-

adjusted (95% CI)a
1.00 1.02 (0.94–1.12) 1.1

Model 2: Multivariate
(95% CI)b

1.00 1.00 (0.91–1.10) 1.1

Model 3: Multivariate
(95% CI)b

1.00 1.04 (0.95–1.15) 1.2

Model 4: Multivariate
(95% CI)b

1.00 1.02 (0.92–1.12) 1.2

OTE. Model 1: RR, relative risk adjusting for age (5-year categories
odel 2: RR, relative risk adjusting for age (1-year categories), time
990-1992, 1992-1994, 1994-1996, 1996-1998, 1998-2000); bod
0.00–22.49, 22.50–24.99, 25.00–27.49, 27.50–29.99, 30.00–
ively, weight change in the previous 2 years (�10 pound weight lo
.9 pound weight gain, �10 pound weight gain); parity (0, 1, 2–3, �4
premenopausal, postmenopausal without hormone replacement th
ostmenopausal with current hormone replacement therapy); physical
65); thiazide diuretics (yes or no); nonsteroidal anti-inflammatory dru

quintiles); energy-adjusted dietary fiber (quintiles); energy-adjusted pro
er day); and coffee (0, 1, 2–3, 4� cups per day).
odel 3: model 2 with additional adjustment for saturated and trans
odel 4: model 2 with additional adjustment for saturated fat, trans

Quintile cut-points of glycemic load: �8350, 8350–9443, 9444–10
Quintile cut-points of glycemic index: �50.5, 50.5–52.6, 52.7–54.3
Quintile cut-points of carbohydrate: �161, 161–177, 178–192, 19
holecystectomy. After adjustment for age, the estimated g
elative risk for women in the highest quintile compared
ith those in the lowest quintile of energy-adjusted
ietary glycemic index was 1.27 (95% CI: 1.17–1.39, P
or trend �.0001) (Table 2, model 1). In a multivariate
nalysis that included the same covariates as those for

Quintiles of Energy-Adjusted Intakes of Glycemic Load,
en in the Nurses’ Health Study, 1984–2000

Quintiles

3 4 5 (highest)
P value
for trend

1308 1164 —
187,103 188,072 —

08–1.28) 1.28 (1.18–1.39) 1.13 (1.03–1.23) .0009

09–1.31) 1.35 (1.23–1.49) 1.32 (1.18–1.47) .0001

15–1.40) 1.48 (1.33–1.64) 1.50 (1.32–1.71) �.0001

11–1.37) 1.41 (1.25–1.59) 1.40 (1.22–1.62) �.0001

1222 1162 —
187,165 185,508 —

22–1.44) 1.28 (1.18–1.40) 1.27 (1.17–1.39) �.0001

21–1.44) 1.31 (1.19–1.43) 1.33 (1.21–1.46) �.0001

20–1.42) 1.30 (1.18–1.42) 1.32 (1.20–1.45) �.0001

19–1.42) 1.29 (1.17–1.41) 1.31 (1.18–1.44) �.0001

1354 1122 —
191,168 188,566 —

08–1.28) 1.23 (1.13–1.33) 1.02 (0.93–1.11) .08

07–1.29) 1.27 (1.16–1.41) 1.16 (1.04–1.30) .0001

14–1.40) 1.42 (1.27–1.59) 1.35 (1.17–1.55) �.0001

08–1.35) 1.32 (1.16–1.51) 1.21 (1.03–1.43) .003

CI: 95% confidence interval.
ds (1980-1982, 1982-1984, 1984-1986, 1986-1988, 1988-1990,
ss index at the beginning of each 2-year follow-up interval (�20.00,
9, 32.50–34.99, 35.00–37.49, 37.50–39.99, and �40); respec-
.0–9.9 pound weight loss, maintained weight � 4.9 pounds, 5.0–
); oral contraceptive use (ever, never), hormone replacement therapy
y, postmenopausal with past hormone replacement therapy, and
ity (quintiles); pack-years of smoking (0, 1–9, 10–24, 25–44, 45–64,
, 1–6, �7 times per week, and dose unknown); intake of total energy
(quintiles); alcohol (0, 0.1–4.9, 5.0–14.9, 15.0–29.9, �30.0 grams

(quintiles).
monounsaturated fat, and polyunsaturated fat (quintiles).
, 10,341–11,438, �11,438.
4–56.2, �56.2.
9, �209.
ng to
Wom

6
,733
8 (1.

0 (1.

7 (1.

3 (1.

6
,336
2 (1.

2 (1.

1 (1.

0 (1.

1
,963
8 (1.

7 (1.

6 (1.

0 (1.

); 95%
perio
y ma
32.4
ss, 5
births
erap
activ
gs (0
tein

fats
fat,
,340
, 54.
lycemic load (Table 2, model 2), the relative risk for the
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ighest compared with the lowest quintile of dietary
lycemic index was 1.33 (95% CI: 1.21–1.46, P for
rend �.0001). Addition of types of fats to this model
id not appreciably change the positive association be-
ween overall dietary glycemic index and risk of chole-
ystectomy.

Intake of total carbohydrate was significantly associ-
ted with risk of cholecystectomy in the multivariate
odel (Table 2, model 2); the relative risk for the highest

ompared with the lowest quintile of dietary carbohy-
rate, representing the effect of replacing fat with car-
ohydrate, was 1.16 (95% CI: 1.04–1.30, P for trend �

0001). When total carbohydrate was entered into the
ultivariate nutrient-density model as a continuous vari-

ble, the relative risk was 1.06 (95% CI: 1.03–1.09, P for
rend �.0001) for an increase of 5% in energy from total
arbohydrate, as compared with the equivalent energy
rom total fat. With additional adjustment with satu-
ated and trans fats (Table 2, model 3), the relative risk
as 1.35 (95% CI: 1.17–1.55, P for trend �.0001) when

xtreme quintiles were compared. Carbohydrates have
een classified as complex (polysaccharides, mainly
tarch) or simple (monosaccharides and disaccharides).

e therefore examined the relation of these mutually
xclusive types of carbohydrate to the risk of cholecys-

able 3. Adjusted Relative Risks of Cholecystectomy Accordi
Women in the Nurses’ Health Study, 1984–2000

1 (lowest) 2

tarch
Model 1: Age-adjusted

(95% CI)
1.00 1.17 (1.07–1.27) 1.1

Model 2: Multivariate
(95% CI)

1.00 1.10 (1.00–1.20) 1.1

ucrose
Model 1: Age-adjusted

(95% CI)
1.00 1.13 (1.04–1.23) 1.2

Model 2: Multivariate
(95% CI)

1.00 1.10 (1.01–1.20) 1.2

ructose
Model 1: Age-adjusted

(95% CI)
1.00 1.04 (0.96–1.13) 1.0

Model 2: Multivariate
(95% CI)

1.00 1.02 (0.94–1.11) 1.0

actose
Model 1: Age-adjusted

(95% CI)
1.00 1.07 (0.98–1.17) 1.1

Model 2: Multivariate
(95% CI)

1.00 0.98 (0.89–1.07) 1.0

OTE. Model 1: RR, relative risk adjusting for age (5-year categories
odel 2: the multivariate model included the same covariates as in

ypes of carbohydrate included simultaneously. Types of carbohydra
ucrose.
ectomy. In the multivariate models, we found that h
tarch, sucrose, and fructose each had a positive relation-
hip with the risk of cholecystectomy, whereas lactose
as not associated with the risk (Table 3).
To examine whether the association with carbohydrate

ntake was modified by risk factors for gallstone disease,
e repeated the multivariate analyses within subgroups
f potential confounding variables. The positive associa-
ions between carbohydrate intake and the risk of cho-
ecystectomy persisted, and there was no important
hange in effect.

To evaluate the potential for detection bias because of
ncreased medical surveillance, we additionally excluded
omen without a routine medical checkup between
986 and 1988. Compared with women in the lowest
uintile of carbohydrate intake, women in the highest
uintile of carbohydrate had a multivariate relative risk
f 1.31 (95% CI: 1.13–1.53, P for trend �.0001).

Because diabetes mellitus may be a direct consequence
f high carbohydrate intake, we deliberately did not
ontrol for it. However, to assess any residual effect we
dded this potential biologic mediator into the multi-
ariate models. After adjustment for diabetes and other
isk factors, the significant positive association was little
ltered, even after controlling for this potential biologic
ediator. The multivariate relative risk for women in the

Quintiles of Intakes of Types of Carbohydrate Among US

Quintiles

3 4 5 (highest)
P value
for trend

.09–1.29) 1.28 (1.18–1.39) 1.16 (1.07–1.26) .0001

.02–1.22) 1.21 (1.10–1.33) 1.19 (1.07–1.32) .0004

.10–1.30) 1.17 (1.08–1.27) 1.11 (1.02–1.21) .03

.10–1.32) 1.27 (1.15–1.39) 1.36 (1.22–1.51) �.0001

.95–1.12) 1.04 (0.95–1.13) 0.97 (0.89–1.05) .18

.95–1.14) 1.10 (1.00–1.21) 1.10 (0.98–1.23) .06

.04–1.23) 1.14 (1.05–1.24) 1.09 (1.00–1.19) �.08

.93–1.10) 1.00 (0.91–1.09) 0.95 (0.87–1.04) .3

CI: 95% confidence interval.
l 3 in Table 2. Carbohydrate classified by its chemical structure. All
re mutually exclusive; fructose does not include contribution from
ng to

8 (1

2 (1

0 (1

0 (1

3 (0
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n the lowest quintile was 1.35 (95% CI: 1.17–1.55, P
or trend �.0001).

Discussion

In this 16-year prospective cohort study among
omen, we found that a higher intake of carbohydrate
as positively associated with the risk of cholecystec-

omy. A significant positive association was also found
or dietary glycemic load and glycemic index.

Studies regarding carbohydrate intake and risk of gall-
tone disease have been inconsistent. In a population
tudy in Italy, a positive association was observed be-
ween a high carbohydrate intake and an increased inci-
ence of gallstone.7 In 2 larger case-control studies, one
n Italy and the other in Australia, an increased risk for
ugar intake was seen.24,25 In a prospective cohort study
n The Netherlands, a 2-fold greater risk of clinically
iagnosed gallstones was found for the highest tertile of
ugar intake relative to the lowest.26 In a cross-sectional
tudy in Copenhagen, higher intake of refined sugar was
ot associated with increased gallstone prevalence.27 In a
opulation-based study in Mexican Americans, high
evel of sucrose intake was not related to risk of gall-
tone.28 The inconsistency among these studies may arise
rom imprecise or nonvalidated assessment of nutrients,
uboptimal study design, lack of long-term dietary in-
ormation, limited control for potential confounders, and
mall sample size.

High intake of carbohydrates can stimulate synthesis
f VLDL cholesterol, raise plasma triglycerides, and re-
uce HDL cholesterol in the liver.8,9 In a prospective,
andomized, long-term, outpatient study in free-living
ubjects lasting up to 2 years,29 high carbohydrate intake
as associated with an increase in plasma triglyceride

evel and a reduction in HDL cholesterol level. Also, low
lasma HDL cholesterol and high triglyceride levels have
een associated with an increased risk of gallstone dis-
ase.7,30 Carbohydrates also can have an immediate effect
n postprandial glucose and insulin responses. A low-fat,
igh-carbohydrate diet may increase the incidence of
lucose intolerance, type 2 diabetes mellitus, hyperinsu-
inemia, and insulin resistance and, thereby, may facili-
ate gallstone formation.10,11 In metabolic trials, low-fat,
igh-carbohydrate diets decreased insulin sensitivity in
he subjects.31,32 These diets further worsened dyslipide-
ia in subjects who were prone to insulin resistance.33

oreover, diets with high glycemic index and glycemic
oad diets have been reported to increase postprandial
lucose and insulin responses, decrease insulin sensitiv-
ty, and derange lipid profiles,34–36 which may increase

he risk of gallstone disease. c
In this study, the possibility of misclassification might
e of concern because information on nutrient intake was
ollected by self-report. Random within-person variation
ould attenuate any true association of interest, but the
emiquantitative food-frequency questionnaire was de-
igned to minimize this error by assessing average long-
erm dietary intake during the successive follow-up pe-
iods. These repeated measurements took into account
ossible changes in diet with time and reduced random
ariation in reporting. Although the total effects of car-
ohydrate intake may not be fully captured by the ques-
ionnaire, any measurement errors should be unrelated to
he end points because of the prospective design. Thus,
ny nondifferential misclassification would most likely
eaken any true relationship.
The prospective design of our study also avoids the

otential for differential recall of intake by cases and
oncases because all data on food were collected before
he end points occurred. Consistently high follow-up
ates reduce the possibility that our results are biased by
omen lost to follow-up in this cohort. Thus, these
otential biases would have been minimal.
We evaluated whether confounding could explain the

bserved positive associations because women who had a
igher intake of carbohydrate tended to have a generally
ealthy lifestyle (see Table 1). Adjustments for these
ariables did not attenuate but, rather, strengthened the
ssociations. A clear increased risk persisted in the mul-
ivariate analyses, which indicated that the associations
ere independent of these known risk factors. Residual

onfounding by unknown risk factors is theoretically
ossible. However, the stronger associations with addi-
ional adjustment of a multitude of known or suspected
isk factors in the multivariate models argued against
his.

The limitation of our study is that we investigated
nly gallstone disease resulting in cholecystectomy. Our
ndings are unlikely due to biased ascertainment of
holecystectomy cases, given the study sample of women
nd the validity of reports of cholecystectomies. More-
ver, any under ascertainment of cases would not bias the
bserved relative risks.22 Because it was not possible to
erform diagnostic screening procedures for the presence
f gallstones in this large study population, we were not
ble to estimate the incidence of gallstone formation.
ur results may not be generalizable to the entire pop-
lation with gallstone disease. However, our analyses do
ocus on the clinically relevant faction of gallstone dis-
ase.

Although glycemic carbohydrate has been shown to be
ssociated with an increased risk of type 2 diabetes,

oronary heart disease, obesity, and cancer over the past
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ecade,37,38 the usefulness of dietary glycemic index and
lycemic load in relation to chronic diseases is still
ontroversial.39–41 In addition, the relation between gly-
emic load or glycemic index and gallstone disease was
arely examined. Because long-term dietary trials on
hronic diseases such as gallstones in a large population
re not feasible, if not impossible, prospective cohort
tudies can provide important information. Our data
uggest that not only the quality but also the quantity of
arbohydrate intake is important in predicting risk of
holecystectomy in women. If glycemic load were the
ulprit for the risk, then a greater carbohydrate intake
ay induce a greater insulin demand in the long term

nd, hence, may significantly correlate with the disease.
ore mechanistic and clinical studies are needed to

orroborate our observation.
In conclusion, our findings suggest that a higher

ntake of carbohydrate, dietary glycemic load, and gly-
emic index may increase risk of cholecystectomy in
omen. These results add to the concern that low-fat,
igh-carbohydrate diets may not be optimal as a healthy
ietary recommendation.
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